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Abstract 
High altitude balloons are large latex balloons filled with gas that carry payloads to near 
space. They provide a convenient way to study the Earth’s atmosphere. Per Boyle’s Law, the 
pressure and volume of a confined gas are inversely proportional. Thus, as the balloon ascends 
and the atmospheric pressure decreases, the gas inside the balloon expands. This pressure 
difference allows the balloon to ascend, but it also causes it to continuously expand until it 
bursts. For some observations, one might want their balloon to remain at constant altitude for a 
period of time. One way to achieve this is to periodically decrease the volume of the balloon by 
releasing some of the gas. The objective of this project was to design a valve with a sensor to 
periodically release gas during flight. The valve was designed in SolidWorks and was 3D 
printed. A push-pull solenoid was mounted to the inside of the valve and wired to a 
microprocessor, along with an altimeter sensor to measure altitude. The microprocessor code was 
written based on altitude and the known pressure gradient versus altitude on Earth. The pressure 
valve has proven to be fully autonomous. However, testing determined that the valve could not 
successfully hold helium with leakage of less than one percent per hour. Therefore, the valve 
could not be tested in actual flight.  
	
Introduction 
Project Description 
On August 21, 2017, The Great American Eclipse occurred. The path of totality of the eclipse 
stretched across America, from Oregon to North Carolina. The Eclipse Ballooning project 
consisted of 57 teams across the U.S. that launched high-altitude balloons during the eclipse. 
Attached to the balloons were payloads that were used to make observations from near-space. 
The author was a member of the CWU Near Space Observation Team. The team was responsible 
for designing and building the payloads, operating payload programs, operating the tracking 
system and analyzing data.  
  
Some of the payloads flown included: 
• A video payload that recorded video of the eclipse and live streamed video feed during 
the eclipse 
• A still image payload 
• An iridium satellite tracker 
• A go-pro camera 
• A gas sensor  
 
At any given location along the path of totality, a full total eclipse is only visible for about 2-3 
minutes. For a balloon to ascend to around 80,000 to 100,000 feet, it takes about an hour. 
Therefore, the timing of the launch of the balloon was critical. 
 
Per Boyle’s law, pressure and volume of a confined gas are inversely proportional. Since the 
pressure in the atmosphere decreases with altitude, as a high-altitude balloon ascends it also 
expands. Because of the gradient in pressure in the atmosphere, the balloon is constantly 
ascending and constantly expanding until it reaches a volume that the latex balloon cannot 
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support and the balloon bursts. This determines the maximum altitude of the balloon and the 
length of time that the balloon stays afloat.  
 
The problem with this is that we want the balloon to maintain a desired altitude for a specific 
amount of time.  
 
Motivation 
This project was motivated by the need for a device that will keep the balloon afloat at a 
relatively constant altitude for some time. 
 
Function Statement 
A device is needed that will regulate the volume of gas inside of a high-altitude balloon for the 
balloon to maintain a desired altitude. 
 
Requirements 
The following requirements are given for this project: 
• Must be able to hold helium with leakage of only 1% per hour. 
• Must be able to fit inside of a 1.5-inch diameter balloon neck. 
• Must be able to operate autonomously once balloon is launched 
• Must be able to support 12 lbs. 
• Must be able to maintain altitude of at least 70,000 feet for 15 minutes or more.  
• Must be able to be re-used a minimum of ten times. 
• Must be able to operate under temperatures of at least -60 degrees Fahrenheit.  
• Must cost less than $500 to manufacture and operate 
• Must weigh less than a total of 5 lbs.  
 
Scope of Effort 
The scope of this project will include designing and building the valve, as well as wiring the 
components and programming the microprocessor.  
 
Success Criteria 
The success of this project is dependent on the final performance of the valve while it is attached 
to a high-altitude balloon. If the balloon can maintain an altitude of 70,000 feet for at least fifteen 
minutes while attached to the valve, then this project will be considered successful.  
 
Design and Analyses 
Approach 
To approach this problem, we propose to 3D print a plastic valve that will regulate the volume of 
gas inside of a high-altitude balloon. By regulating the volume of the confined gas, we predict 
that the balloon will be able to maintain relatively the same altitude for a designated amount of 
time.  
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Design Description 
The design consists of a plug attached to a motor. The motor is controlled by a microprocessor 
attached to an altimeter. The motor and the microprocessor are powered using two 9V batteries. 
We predict that the microprocessor will take pressure data from the altimeter, and output to the 
motor. When the altimeter reads below a specified pressure, the microprocessor will send voltage 
to the motor causing the motor to open the valve (See appendix B.5 for Arduino schematic 
drawing). As the volume inside the balloon decreases, the balloon decreases in altitude, meaning 
that the atmospheric pressure increases.  When the altimeter reads above a specified pressure, the 
microprocessor will send zero volts to the motor, causing the motor to close the plug. The 
balloon will then begin to increase in altitude again and the process will repeat. Please see 
appendix B for a sketch of the mechanism.  
 
Benchmark 
Although there are zero-pressure balloons available which stay afloat for long periods of time, 
they are very large and expensive. They also lack a convenient method of flight termination. This 
project holds engineering merit because designing a valve such as this could allow for students 
or others who do not have access to, or funding for a zero-pressure balloon, to still make 
scientific observations from near space.  
 
Performance Predictions 
Based on the analyses, it is predicted that the valve will be able to support 12 pounds of payloads 
without failing. It is also predicted that the motor will have enough to hold the plug closed 
sufficiently to prevent helium leakage. The total calculated force required by the motor is 
predicted to be 8 N. The motor selected for this project has a force of 8 N. Based on a 
SolidWorks model, it is predicted that the valve will weigh 1.68 pounds and have a neck 
diameter of 1.5 inches, that will be able to fit inside the neck of a 2000g latex balloon.  Based on 
the predicted budget, it will cost $441.41 to design, manufacture and test.  
 
Description of Analyses 
Please see Appendix A for full analyses. The analyses include the following: 
• Calculations of the required force of the push-pull solenoid to hold the valve closed to 
prevent helium leakage.  
• Calculations of the required precision of the altimeter 
• Calculations used in designing a beam that will support 12 lbs of payloads 
• Calculations of the mass of helium needed to fill the balloon 
• Calculations of the gauge pressure inside the balloon 
• Analysis of the frictional force between the rubber stopper and plastic vavle 
• Total force required to lift stopper 
 
Scope of Testing and Evaluation 
The scope of testing of this device includes: 
• Testing the rate of helium leakage 
• Testing if the valve can operate autonomously 
• Testing if the beam is capable of support 12 pounds of payloads 
• Testing if the balloon can maintain altitude 
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• Testing device under low pressure/low temperature conditions in a pressure chamber 
• Weighing the device after assembly 
 
Analyses 
An analysis of the force required by the push-pull solenoid can be found in Appendix A.1. This 
analysis supports the requirement that the valve must hold helium with leakage no greater than 
1% per hour and remain afloat at the desired altitude for at least 15 minutes. This analysis was 
completed by calculating the pressure at an altitude of 80,000 feet. From this pressure, the force 
required by the push-pull solenoid was calculated. This determined the design parameter of a 
push-pull solenoid capable of at least 1.7 N of force. Using this design parameter, it was decided 
that a 24-volt push-pull solenoid will be used, which provides up to 5 N of force.  
 
An analysis of the precision required of the altimeter is found in Appendix A.2. This analysis 
supports the requirement that the valve must operate autonomously and maintain altitude 
between 70,000 to 80,000 feet. From this analysis, it was determined that a precision of 1/10th 
of .7 kPa is required. An altimeter that reads to the necessary precision was found on 
adafruit.com and will be used for this project.  
An analysis of the payload supporting beam can be found in appendix A.3. For this analysis, it 
was assumed that the beam would be 1/8th of an inch in diameter. However, it was found that this 
diameter was too small, as the predicted deflection was too high.  
 
An analysis of finding the required diameter of the beam can be found in appendix A.4. This 
analysis supports the requirement that the valve must be able to support at least 12 pounds of 
payloads. From this analysis, it was determined that the required diameter of the beam should be 
½ inch. This can be found documented in appendix B.4, where it can be seen in the drawing of 
the payload supporting beam that the diameter of the beam was designed to be 0.5 inches. 
 
Appendix A.5 is an analysis of the shear stress found where the beam connects to the valve 
housing. It was found that the yield stress of the material is greater than the shear stress at the 
connection. Therefore, it was determined that the diameter of 0.5 inch and material of ABS 
plastic will be appropriate for this design.  
 
Appendix A.6 shows an analysis of the mass of helium inside the balloon at sea level. From this 
analysis, it was determined that 1121 grams of helium will be needed to fill a balloon for testing. 
This was used to estimate the budget. The budget can be found documented in appendix C. This 
analysis was used to meet the budget requirement of costing less than $500 to design and 
manufacture.  
 
Appendix A.7 shows an analysis of the gauge pressure inside the balloon at sea level. This will 
be used to predict the pressure inside of the balloon at 70,000 feet, in order to determine the flow 
rate of helium when the valve is open. Further testing will be done next quarter, in which we will 
blow up a balloon with air and measure the gauge pressure and pressure at burst.  The balloon 
used for this testing was donated to me from the physics department and has already been 
obtained and is ready for testing.  
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Appendix A.8 shows an analysis of the top portion of the payload supporting beam. This analysis 
predicted a deflection of 0.0002 inches. The maximum deflection requirement was 0.05 inches, 
so it was determined that this design will fit the requirements. 
 
Appendix A.9 contains an analysis of the normal stress in the payload supporting beam. A 
maximum stress of 30.6 psi was predicted. Since the tensile strength of ABS plastic is 3200 psi, 
it was predicted that this will meet the design requirements.  
 
Appendix A.10 contains an analysis of the bending stress in the payload beam. A bending stress 
of 977 psi was predicted. The yield strength of ABS plastic is 6000 psi. Therefore, it was 
predicted that this design would meet the requirements.  
 
Appendix A.11 contains an analysis of the frictional force between the rubber stopper and the 
plastic valve. From this analysis, it was predicted that a frictional force of 7.15 N will exist 
between the stopper and the valve. 
 
Appendix A.12 contains an analysis of the total force required to lift the stopper.  A total force of 
8.89 N was found.  
Throughout the manufacturing process two modifications were made. First, it was realized that 
the beam would not be able to be assembled as one piece so it was split into two pieces. Analyses 
were completed on how the beam pieces should be attached. Analyses A.13 through A.14.8 show 
analyses of different attachment methods. The attachment methods analyzed were 3D printing 
one side of the beam with a 1/8th inch PLA plastic rod extending ¼ inch from the end to be 
inserted into a hole in the other side of the beam, using a ½ inch long and 1/8th inch diameter 
aluminum rod, and using a steel rod of the same size, respectively. All analyses were completed 
using Simulation Mechanical software and hand calculations to verify the results. The PLA 
plastic method was analyzed in 2D and 3D. The aluminum and steel rods were analyzed in 1D 
and 3D. Symmetry was used for each of these analyses.  
 
The 2D analysis of the PLA plastic method produced a maximum bending stress of 382 psi 
(Appendix A.13). The 3D analysis produced a maximum bending stress of 421 psi (Appendix 
A.13.1). Using a 𝐾"	factor of 1.75, hand calculations produced a maximum bending stress of 427 
psi (Appendix A.13.2). Therefore, the 2D analysis was within 1.4 % error and the 3D analysis 
was within 10% error. Since both analyses were within 10% or less, it was determined that these 
analyses were valid. The ultimate strength of the material (PLA plastic) was found from Matweb 
to be 2320 psi. Therefore, it was determined that this method would be suitable to support the 
weight of the payload without breaking. 
Although the method with the PLA plastic was determined to be suitable for the application, the 
pin method was also analyzed. The analyses in appendix A.14 through A.14.3 analyze an 
aluminum pin with a distributed load in 1D and 3D as well as with a point load in 1D and 3D, 
respectively. The same analyses were performed for a steel pin in appendix A.14.4 through 
A.14.7. The hand calculations were the same for aluminum and steel and produced a bending 
stress value of 7823 psi for a point load and a bending stress of 3911.5 psi for a distributed load 
(Appendix A.14.8). The maximum bending stress from the 1D – point load analysis for the 
aluminum pin produced a max bending stress of 7823 psi and a 0% error when compared to the 
hand calculations. The 3D analysis produced a maximum bending stress of 9251 psi with a 
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percent error of 9%. For the distributed load, the 1D analysis of the aluminum pin produced a 
maximum bending stress of 3911.4 psi and a percent error of 0%. The 3D analysis produced a 
max bending stress of 4639 psi and a percent error of 2.8%. The ultimate strength of Aluminum 
was found from Matweb to be 42,000 psi. Therefore, it was concluded that an aluminum pin 
would also allow for the beam to support the required load.  
The 1D – point load analysis of the steel pin produced a maximum stress of 7823 psi and 0% 
error. The 3D – point load analysis produced a maximum stress of 8988 psi and 6% error. The 
distributed load produced values of 3911.4 psi with 0% error and 4541 psi with 0.5% error for 
1D and 3D, respectively. Since each FEA analysis was within 10% error or less, the validity of 
these analyses was verified. From Matweb, the ultimate strength of steel was found to be 58,000 
psi. Therefore, it was determined that a steel pin would also be appropriate for this application.  
Based on the analyses discussed above, it was decided that an aluminum pin would work the best 
for this application, as it is stronger than the PLA plastic. Using the aluminum rod was also more 
cost effective, as aluminum rods of 1/8th inch diameter were available for donation from the 
CWU Physics department.  
The second modification made was to the sealing mechanism. The original design included a 
rubber stopper placed on the inside of the valve opening. However, during assembly it was 
discovered that the solenoid could pull the plug upwards to open the valve, but was not able to 
push downwards to create a good enough seal to prevent helium leakage. Therefore, it was 
decided to purchase a new rubber plug and place gasket sealant around the plug for a better seal. 
The plug was then placed on the outside of the valve opening rather than the inside. This way, 
when the voltage was going to the solenoid and the solenoid was pulling upward, the valve 
would be closed and when the voltage was not going to the solenoid, the plug would fall 
downward and in such, open the valve. A picture of the plug can be found in appendix C.8, and a 
picture of the plug attached to the solenoid on the outside of the housing can be found in 
appendix C.9. A calculation was completed for the pressure exerted on the valve opening by the 
plug when the solenoid was holding it closed and can be found in appendix A.15. The pressure 
was calculated to be 1.36 psi. However, the pressure created inside of the balloon was unknown, 
so further testing was needed to determine if the solenoid force would be enough to maintain a 
seal that would meet the helium leakage requirement.  
 
Device: Parts, Shapes, and Conformation 
The shape of this device was determined by the requirement that it must fit inside of a 1.5-inch 
diameter balloon neck. This can be seen documented in appendix B.2 – Housing top, in which it 
can be seen in the drawing that the top of the neck is 1.5 inches. The rest of the valve housing is 
also round but with a larger dimeter. This design was chosen because the diameter had to be 
larger to fit all the components inside of it. The largest component is the microprocessor, so the 
diameter of the housing middle was designed to fit the microprocessor. The diameter then 
decreases as it nears the valve opening but the shape is still round. This was chosen because most 
tapered rubber plugs are round-shaped. The diameter decreases towards the opening to prevent 
too much helium from coming out at once, when the valve is open.  
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Device Assembly 
The device was assembled by first wiring and soldering the components to the solenoid, batteries 
and microprocessor. The solenoid was then screwed to the mount, located in the housing middle. 
Next, the rubber plug was attached to the solenoid. Then, the payload supporting beam was 
attached to the housing middle using epoxy. Finally, the housing top, middle, and bottom, were 
attached using electrical tape, in such a way that created a seal to prevent helium from escaping. 
Electrical tape was used rather than epoxy, to meet the re-usage requirement. Please refer to 
Appendix B.6 for assembly drawing and appendix C.9 for a picture of the completed assembly. 
 
Technical Risk, Failure Mode, Safety Factors and Operation Limits Analyses 
One risk involved in testing of the valve would be if the valve does not close properly and 
helium begins to leak out. If this happens, the balloon could remain hovering in federal air space. 
To mitigate this risk, if the balloon hovers below 60,000 feet and stops ascending, a cut-down 
mechanism will be employed. The downside of this is that the cut-down mechanism cuts the 
payloads away from the balloon, including the GPS satellite tracker, and the valve mechanism 
will be lost. Because of this risk, testing the valve in actual flight will be the very last test 
performed.  
 
Methods and Construction 
Construction 
Description 
Much of this project was constructed via 3D printing. The housing of the valve consisted of three 
parts that were designed using SolidWorks software (please refer to drawings in Appendix B). 
The housing top was designed to fit up inside of the neck of a balloon and has a smaller diameter 
than the rest of the housing. The neck diameter can be adjusted in SolidWorks depending on the 
size of the balloon it is going to be used in. For this project, we used a balloon with a 1.5-inch 
neck diameter. The middle of the housing was all one diameter and inside it contained a 
mounting plate for the solenoid, with holes in the mounting plate for air flow. The bottom of the 
housing is shaped like a funnel with the diameter decreasing to fit the plug. All three parts of the 
housing were 3D printed and pictures of the housing can be found in appendix C. Additionally, a 
payload supporting beam was also 3D printed. The beam hangs from the middle piece of the 
housing to provide a mean of tying payloads to the balloon. A picture of one half of the beam can 
be found in appendix C.7. The picture shows what the beam looked like when it had first came 
from the printer. The beam had extra base material attached to it to provide a larger surface to 
stick to the printer since the beam was circular and only allowed for a very small point of contact 
with the printer surface. The extra material was broken off using pliers.  
 
The only piece of the valve that was not 3D printed, other than the wiring components, was the 
pin used to attach the halves of the payload beams. The pin was manufactured from aluminum. 
As mentioned in the analysis section, 1/8th inch aluminum rod was donated from the CWU 
Physics department, so the rod only needed to be cut to a length of ½ inch. The pin was attached 
to both sides of the beam using epoxy, at the same time that the beam was attached to the 
housing.  
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The rest of the valve consisted of components that were purchased from adafruit.com (please 
refer to Appendix D and E for parts list and budget, respectively). These components include the 
push-pull solenoid, rubber plug, altimeter, Arduino microprocessor, and the necessary materials 
for wiring the solenoid and altimeter to the batteries and microprocessor.  
 
Drawing Tree 
The drawings of the device contained the housing, the support beam, the wiring schematic, and 
the pin. The housing consisted of four parts: housing top, housing middle and housing bottom 
and the payload supporting beam. The payload supporting beam consisted of two identical parts 
and the pin to attach the beam halves together. The microprocessor was wired to a push-pull 
solenoid and an altimeter. The logic of the assembly can be seen below in the drawing tree.   
 
 
 
Drawing ID’s 
The	drawings	are	identified	in	the	table	below.	
Drawing	number	 Description	
B.1	 Housing	bottom	
B.2	 Housing	top	
B.3.1	 Housing	middle	
B.5.1	 Payload	supporting	beam	
B.6	 Pin	for	payload	beam	
B.8.1	 Assembly	drawing	
Table 1: A list of drawings labeled by drawing number.  
Pressure	Valve	
Assembly	
Drawing
Housing
Housing	Top
Housing	Middle
Housing	Bottom
Payload	
Supporting	
beam
Pin
Arduino	
Schematic
Solenoid
Altimeter
	 13	
 
Parts list and labels 
Although most of the parts for this project were either donated or provided by the Washington 
NASA Space Grant and the CWU Physics department, a complete list of parts for this project 
including part numbers, part sources, and product identification numbers can be found in 
appendix D.   
 
Manufacturing issues 
Some manufacturing issues arose in the wiring of the altimeter to the microprocessor. The first 
issue was that during the wiring process, the altimeter was fried. A new altimeter was obtained. 
Then, the new altimeter was wired properly to the microprocessor and was working well before 
the soldering process. Once soldering was completed, it was discovered that the altimeter was 
giving incorrect readings. The cause of this was not determined. However, this issue was fixed 
by unsoldering the altimeter from the circuit and wiring it straight to the microprocessor. The 
wires were then taped to the altimeter and microprocessor via electrical tape. 
 
Additionally, as 3D printing technology was still advancing, some of the 3D parts did not 
initially print correctly and had to be printed several times. Particularly, the middle housing 
piece. It was difficult for the printer to print the mounting plate with all the holes, so that piece 
had to be re-printed three times.   
 
Discussion of assembly, sub-assemblies, parts, drawings 
For this project, the housing middle was printed first. This was because the housing middle holds 
all the other components. While the rest of the parts were printing, the components were wired 
and soldered to the microprocessor. After the housing middle was printed and the components 
are wired, the housing top and bottom were then printed for assembly. 
Testing 
Introduction The	requirements	for	this	project	included:	
• Must be able to hold helium with leakage of only 1% per hour. 
• Must be able to fit inside of a 1.5-inch diameter balloon neck. 
• Must be able to operate autonomously once balloon is launched 
• Must be able to support 12 lbs. 
• Must be able to maintain altitude of at least 70,000 feet for 15 minutes or more.  
• Must be able to be re-used a minimum of ten times. 
• Must be able to operate under temperatures of at least -60 degrees Fahrenheit.  
• Must cost less than $500 to manufacture and operate 
• Must weigh less than a total of 5 lbs.  
 
To determine whether the valve could meet these requirements, a series of tests were performed. 
After assembling the valve, it was predicted that the balloon would not be able to maintain 
helium with a leakage of less than one percent, due to the solenoid not being strong enough to 
create a tight seal, and that the plastic material used to print the valve housing was porous. 
Because of this, it was also predicted that the valve would not be able to maintain an altitude of 
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at least 70,000 feet for fifteen minutes or more. Due to it not being able to hold helium 
efficiently, the later was unable to be tested. However, it was predicted that the valve would meet 
the other seven requirements. Testing was completed on time per the gantt chart (Please see 
Appendix F). 
 
Method/Approach 
The method to testing the valve was an 8-step process. First the valve was tested to determine if 
it could hold helium without leaking more than one percent volume per hour. The second step 
was to test the valve in a pressure chamber to determine if the valve opened and closed at the 
proper pressures. Since pressure is inversely proportional to altitude, this determined if the valve 
would open and close at the correct altitudes. Next, the neck of the device was placed into the 
neck of a 1.5-inch neck diameter high-altitude balloon to determine if the size requirement was 
met. Then, 12 pounds were hung from the beam to determine if the beam could support 12 
pounds of payloads. Then, the valve was placed on a scale to determine if it met the weight 
requirement. Additionally, the valve was tested in a Styrofoam ice box with dry ice to determine 
if it would meet the temperature requirement. The next tests would be a tethered flight from the 
roof of the Science II building at Central Washington University. If proven successful, the last 
test was to test the valve in an untethered flight. 
 
Several resources were needed for testing. These resources included: wide-mouthed latex 
balloons, helium, a pressure chamber with air pump, a high-altitude balloon, and 8 people to help 
fill the high-altitude balloon. Costs of helium, balloons, and the pressure chamber were also 
acquired during testing. Data was captured and processed using Microsoft Excel.  
 
Data from these tests were presented by an Excel spreadsheet, graphs, and pictures of the testing 
which can be found in Appendix G, H, and C, respectively. The tests are outlined below with the 
full test procedures found in Appendix I.  
 
Test Procedure 
Leakage	Test	
The first test was to determine if the valve could hold air well enough to meet the leakage 
requirement of one percent volume per hour, or less. To save money, this test was performed 
with a wide-mouthed latex balloon rather than a high-altitude balloon. Please see Appendix I.1 
for the full procedure of this test, as well as Appendix C.10 for a picture of the test being 
performed.   
 
Pressure	Chamber	Test	
The second test was performed in a pressure chamber to determine if the valve was capable of 
opening and closing at proper pressures/altitudes autonomously. Please see Appendix I.2 for the 
full procedure of this test. Additionally, Appendix C.11 contains a picture of this test being 
performed. 
 
Beam	Deflection	Test	
The third test was to determine if the payload supporting beam could support 12 pounds or more. 
This test was completed by hanging 12 pounds of weights from the payload support beam and 
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measuring the deflection. Please see Appendix I.3 for the full procedure of this test, as well as 
Appendix C.12 for a picture of the beam with weights hanging from it.  
 
Weight	Requirement	Test	
To determine if the valve met the weight requirement, all components were placed inside the 
valve housing, including the 9V batteries, and sealed with electrical tape. It was then placed on a 
scale and the weight of the device was recorded. Please see Appendix I.4 for the full procedure 
of this test. Additionally, Appendix C.13 contains a picture of the valve with all components on 
the scale.  
	
Size	Requirement	Test	
The next test was to determine if the device met the size requirement. The device was required to 
fit into a 1.5-inch diameter neck of a high-altitude balloon and was tested by placing the device 
into the balloon neck to determine if it fit. Please see Appendix I.5 for the procedure of this test, 
as well as Appendix C.14 for a picture of the device inside the balloon’s neck.  
 
Temperature	Requirement	Test	
Because temperatures are very cold in the upper atmosphere, a temperature test needed to be 
completed to determine if the device could operate in temperatures of -60 F or less. The device 
was placed in a Styrofoam box with dry ice to determine if it could operate under cold 
temperatures. Please see Appendix I.6 for the full testing procedure of this test. Additionally, 
Appendix C.15 contains a picture of the set-up of this test.  
 
Tethered	and	Untethered	Tests	
The device did not meet the leakage requirement and could not hold Helium efficiently. 
Therefore, these tests could not be performed. 
 
Deliverables 
Leakage	Test	
The leakage test determined that the device was unsuccessful in its ability to hold Helium with 
less that 1 percent volume per hour leakage. The best the device did, was 14% over a half-hour 
period. Please see Appendix G and H for testing data and data evaluation sheets, respectively. 
There was some discrepancy revolving the accuracy of the tests. When testing the valve for 
leakage, a 36 inch, wide-mouthed latex balloon was used. A high-altitude balloon is much larger 
than this and does not produce as much pressure on the plug as the smaller balloon did. 
Therefore, it was questionable whether the results from this test were applicable to how the valve 
would operate in a large high-altitude balloon. 
 
Pressure	Chamber	Test	
This test proved to be successful. When placed in the pressure chamber, the valve consistently 
opened at the pre-set pressures that were placed in the code.  
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Beam	Deflection	Test	
This test also proved to be successful. The beam supported 12 pounds of weights without any 
issues. However, the actual deflection was unable to be calculated, as the beam did not deflect 
enough to visibly measure.  
 
Weight	Requirement	Test	
The final weight of the device with all its components including batteries was 1.08 lbs.  
 
Size	Requirement	Test	
The device was able to fit easily inside of the 1.5-inch neck diameter balloon.  
 
Temperature	Requirement	Test	
The device reached -52 F while still operating effectively. However, it was undetermined if the 
device could operate under colder temperatures than that due to the batteries dying during 
testing. 
 
Tethered	and	Untethered	Tests	
Again, the results from this test are unknown, as the tests could not be completed due to the 
device not meeting the leakage requirement.  
	
Budget	
Proposed	Budget	
This project was originally projected to cost $441.41. This included the cost of $150 for the 
student version of the SolidWorks software. The software was purchased by the CWU physics 
department for a lap top in the computational physics lab, but the software was also provided for 
student use in the computer lab of the Hogue Technology building. Since the SolidWorks 
software was not purchased exclusively for this project, it was removed from the budget.  
 
Including testing supplies, the total estimated cost of the project was $701.04 after adding 10% 
for shipping and 8% for tax. However, to date, all the parts for the completion of the project were 
either donated or were already available in the computational physics lab. Because of this, 
shipping costs were minimum. Therefore 10% in shipping costs is an over-estimate. Most of the 
parts were provided by the CWU physics department and the NASA Washington Space Grant. 
The costs mentioned above includes two canisters of Helium ($400.00), parachute cord ($4.99), 
a high-altitude balloon ($69.72), aluminum for the pin ($0.88) and hardware for mounting the 
solenoid (13.79). These supplies were all provided by the CWU Physics Department.  
 
Without including the testing supplies in the budget, a total cost of $140.88 was estimated. This 
meets the cost requirement that the valve must cost less that $500 to manufacture. Including 
testing supplies, tax, and shipping the total project cost to date is $116.38. Please see Appendix E 
for detailed budget. 
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Schedule	
During the start of the manufacturing process, the project proposal was still being completed. 
Because of this, the schedule was pushed back slightly. However, the 3D models were completed 
and due to them being 3D printed rather than machined, the manufacturing process was still able 
to begin on time. As mentioned previously, there were some hang-ups with the 3D printing of the 
middle of the housing, but that was resolved quickly. 12 hours were allotted for the printing of 
parts but since the parts can print without anyone being physically present, the wiring of the 
components was also able to begin on time. The printing of the parts totaled up to 11 hours. Also 
discussed earlier in this report, there was an issue with the altimeter after it was soldered. Several 
days were spent attempting to resolve this issue. Because of this, 3 extra hours more than allotted 
were spent on wiring the components and 9 hours more than allotted were spent on soldering. 
Writing the Arduino code went fairly smoothly and took 3 hours less than allotted, adding up to a 
total of 41 hours spent on part construction, out of an estimated 39 hours.  
 
The assembly of the device took a total of 10 hours longer than estimated. Attaching the solenoid 
proved to be the most difficult. There was not much room for hands or tools in the middle part of 
the housing where the solenoid mount was. Additionally, because the diameter of the housing 
middle was not very large, there was only a small degree of rotation for tools, which made it 
difficult to screw on the nuts. Because of this, a total of 7 hours was spent attaching the solenoid 
when only 1 hour was estimated for that task.  
 
The editing of the report also took longer than anticipated. 15 hours were allotted and a total of 
20 hours was spent. 10 hours were spent making edits to the drawings alone.  
 
The total estimated time for the completion of this project was 161 hours. The total actual time 
spent to date is 133 hours. If the remainder of the project goes according to plan, it will take a 
total of 177 hours.  
 
Conclusion	
In conclusion, the device was determined to be successful in meeting all the requirements except 
for the leakage requirement. Because of this, it is undetermined whether the valve could maintain 
a balloons altitude at 70,000 feet for fifteen minutes. The valve was predicted to hold Helium 
with a leakage of less than 1% per hour. Testing determined that the valve was only capable of 
holding Helium with leakage of 14% in 30 minutes. However, the weight of the device was 
significantly under its predicted weight of 5 pounds, at a total weight of 1.08 pounds. The project 
was estimated to cost $140.88 to produce and manufacture. The final cost of the project was 
$116.38. The total cost of the project significantly exceeded its requirement of $500 to 
manufacture. Additionally, the device was required to operate in temperatures of -60 F. Testing 
determined that the device could successfully operate in -52 F and possibly colder, had the 
batteries not died. Lastly, the beam was predicted to support 12 pounds of payload with .0002 
inches of deflection (Please see Appendix A.8 for analysis of beam deflection). The actual 
deflection of the beam could not be measured, as the beam showed no visible signs of deflection. 
Because of this, this requirement is also considered a success with less than .0002-inch deflection 
while supporting 12 pounds of payload.  
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Further work that may contribute to the success of this project include considering different 
materials for the valve housing, such as Aluminum instead of plastic, and using a different type 
of mechanism to control the plug, such as a DC motor, or a spring. However, all-in-all this 
project successfully met 7 out of its 9 requirements.  
 
Lastly, per the Gantt chart, 33 extra hours were spent on this project that were not predicted in 
the schedule. Although there were some minor hang-ups in the completion of the project 
proposal, the printing of the parts, the wiring of the altimeter and extra time spent on the 
project’s website, the project and testing were completed on time. 
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Appendix A - Analyses 
A.1 – Analysis of force required by push-pull solenoid 
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A.2	–	Analysis	of	required	precision	of	altimeter	
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A.3	–	Initial	analysis	of	payload-supporting	beam	
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A.4	–	Finding	diameter	of	payload	supporting	beam	
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A.5	–	Shear	stress	at	beam	connection	
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A.6	–	Analysis	of	mass	of	helium	inside	balloon	
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A.7	–	Analysis	of	gauge	pressure	in	balloon	at	sea	level	
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A.8	–	Analysis	of	payload	supporting	beam	2	
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A.9	–	Analysis	of	payload	supporting	beam	3	
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A.10	–	Analysis	of	payload	supporting	beam	4	
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A.11	–	Friction	force	between	stopper	and	valve	
	 	
	 32	
A.12	–	Total	force	to	lift	stopper	
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A.13	–	FEA	Analysis	of	Payload	Supporting	Beam	(2D)	
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A.13.1	–	FEA	Analysis	of	Payload	Supporting	Beam	(3D)	
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A.13.2	–	FEA	Hand	Calculations	for	Payload	Supporting	Beam	
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A.14	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Aluminum	–	Distributed	Load	–	1D)	
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A.14.1	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Aluminum	–	Distributed	Load	–	3D)	
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A.14.2	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Aluminum	–	Point	Load	–	1D)	
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A.14.3	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Aluminum	–	Point	Load	–	3D)	
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A.14.4	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Steel	–	Distributed	Load	–	1D)	
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A.14.5	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Steel	–	Distributed	Load	–	3D)	
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A.14.6	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Steel	–	Point	Load	–	1D)	
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A.14.7	–	FEA	Analysis	of	Pin	for	Payload	Beam	(Steel	–	Point	Load	–	3D)	
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A.14.8	–	FEA	Pin	Analysis	Hand	Calculations	
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A.15	–	Analysis	of	Plug	modification	
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Appendix	B	–	Part	Drawings	
B.1	–	Housing	Bottom	
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B.2	–	Housing	top	
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B.3	–	Housing	Middle	
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B.3.1	–	Housing	Middle	Revision	A	
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B.4	–	Payload	Supporting	Beam	(Right	Side)	
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B.5	–	Payload	Supporting	Beam	(Left	Side)	
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B.5.1	–	Payload	Supporting	Beam	Revision	A	
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B.6	–	Pin	for	Payload	Beam	
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B.7	–	Arduino	Schematic	
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B.8	–	Assembly	drawing	
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B.8.1	–	Assembly	Drawing	Revision	A	
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Appendix	C	–	Part	Pictures	
C.1	–	Top	View	of	Housing	with	Solenoid	
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C.2	–	Assembly	of	the	Solenoid	into	the	Housing	
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C.3	–	Wiring	of	the	Solenoid,	Batteries	and	Microprocessor	
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C.4	–	Housing	Assembly	
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C.5	–	Housing	Parts	
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C.6	–	Power	Supply	for	Microprocessor	
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C.7	–	Payload	Support	Beam	
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C.8	–	Rubber	Plug	and	Gasket	
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C.9	–	Assembled	Valve	
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C.10	–	Picture	of	Leakage	Test	
	
	
	 68	
C.11	–	Picture	of	Pressure	Chamber	Test	
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C.12	–	Picture	of	Beam	Deflection	Test	
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C.13	–	Picture	of	Weight	Requirement	Test	
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C.14	–	Picture	of	Size	Requirement	Test	
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C.15	–	Picture	of	Temperature	Requirement	Test	
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Appendix	D	
D.1	–	Parts	List	
Part	number	 Part	 Source	 Product	ID	#	
1	 Push-pull	solenoid	 Adafruit	 413	
2	 Rubber	stopper	 Home	Depot	 808348	
3	 Altimeter	 Adafruit	 MS5607	
4	 Arduino	Microprocessor	 Adafruit	 1501	
5	 Color	coded	wires	 Adafruit	 1952	
6	 Transistor	 Allied	Electronics	 70016938	
7	 330	KΩ resistor	 Allied	Electronics	 70022166	
8	 Diode	 NTE	Electronics	 1N4148	
9	 Hardware	for	mounting	
solenoid	
Amazon	 SCW-KIT3-1	
10	 2	rechargeable	9	V	
batteries	
Amazon	 NH22BP	
11	 Rubber	plug	 ACE	Hardware	 42474	
12	 Soldering	Material	 Allied	Electronics	 24-6040-0039	
13	 Aluminum	for	pin	 Zoro	 G3708568	
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Appendix	E	-	Budget	
E.1	–	Project	Budget	
Equipment/Supplies	 Estimated	Cost	 Actual	Cost	 Source	
3D	print	Material	 $10		 Donated	
Washington	NASA	Space	
Grant	
Pressure	Sensor	 $9.95		 $9.95		
Washington	NASA	Space	
Grant	
Push-pull	solenoid	 $9.95		 $9.95		
Washington	NASA	Space	
Grant	
Rubber	Stopper	 $1.98		 $1.98		 Kala	Brown	
Rubber	Plug	 $2.99		 $2.99		
Washington	NASA	Space	
Grant	
9V	batteries	(2)	 $9.49		 $9.49		
Washington	NASA	Space	
Grant	
Resistor	 $6.68		 $6.68		
Washington	NASA	Space	
Grant	
Transistor	 $0.99		 $0.99		
Washington	NASA	Space	
Grant	
Diode	 $0.43		 $0.43		
Washington	NASA	Space	
Grant	
Soldering	material	 $23.36		 $27.27		
Washington	NASA	Space	
Grant	
Arduino	Uno	R3	Microporcessor	 $24.95		 $24.95		
Washington	NASA	Space	
Grant	
Aluminum	Material	for	Pin	 $0.88		 Donated	 CWU	Physics	
Color	coded	wires	 $3.95		 $3.95		
Washington	NASA	Space	
Grant	
Hardware	for	mounting	solenoid	 $13.79		 Donated	 CWU	Physics	
Supplies	Total	 $119.39		 $98.63		 	
Tax	(8%)	 $9.55		 $7.89		 	
Shipping	(10%)	 $11.94		 $9.86		 	
TOTAL	 $140.88		 $116.38		 	
    
Testing	Materials	 	   
Latex	Balloon	 $69.72		 Donated	
Washington	NASA	Space	
Grant	
2	canisters	of	Helium	 $400		 Donated	
Washington	NASA	Space	
Grant	
Paraschute	Cord	 $4.99		 Donated	
Washington	NASA	Space	
Grant	
Testing	Totals	 $474.71		 0	 	
    
Totals	 $594.10		 $98.63		 	
Tax	(8%)	 $47.53		 $7.89		
Washington	NASA	Space	
Grant	
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Shipping	(10%)	 $59.41		 $9.86		
Washington	NASA	Space	
Grant	
	    
Total	Project	Cost	 $701.04		 $116.38		 	
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Appendix	F	–	Gantt	Chart	
F.1	–	Project	Schedule	
SCHEDULE FOR SENIOR PROJECT: Note: March x Finals
Note: June x Presentation
PROJECT TITLE: Pressure Valve Note: June y-z Spr Finals
Principal Investigator: Kala Brown
Duration
TASK:Description Est. ActualNovember Dec January February March April May June
   ID (hrs) (hrs)   
1 Proposal*
1a Outline 2 2
1b Intro 4 2
1c Methods 4 4
1d Analysis 4 4
1e Discussion 5 3
1f Parts and Budget 2 2
1g Drawings 3 3
1h Schedule 2 2
1i Summary & Appx 3 3
subtotal: 29 25
2 Analyses
2a A.1 2 2
2b A.2 1 1
2c A.3 2 2
2d A.4 1 1
2e A.5 1 1
2f A.6 2 2
2g A.7 2 2
subtotal: 11 11
3 Documentation
3a B.1 2 2
3b B.2 2 3
3c B.3 3 5
3d B.4 3 3
subtotal: 10 13
4 Proposal Mods
4a Finish Analyses 5 6
4b Fix Drawing Tree 1 1
4c Complete Assembly Drawing2 1
subtotal: 8 8
7 Part Construction
7a Buy Parts 2 1
7b 3D print parts 12 11
7c Wire components 5 8
7d Solder components 5 14
7e Program Arduino 8 5
7f Take Part Pictures 1 1
7g Update Website 5 0
7h Manufacture Plan* 1 1
subtotal: 39 41
9 Device Construct
9a Attach motor 1 7
9b Assemble Housing 3 6
9c Attach beam 2 1
9d Take Dev Pictures 1 1
9e Update Website 3 0
9f Update Report 15 20
subtotal: 25 35
10 Device Evaluation
10a List Parameters 1 1
10b Design Test&Scope 3 5
10c Obtain resources 4 3
10d Make test sheets 2 1
10e Plan analyses 2 1
10f Test Plan* 4 2
10g Perform Evaluation 4 20
10h Take Testing Pics 1 0
10i Update Website 2 0
subtotal: 23 33
11 495 Deliverables
11a Get Report Guide 1 1
11b Make Rep Outline 1 3
11c Write Report 5 0
11d Make Slide Outline 1 1
11e Create Presentation 3 9
11f Source Presentation 1 3
11g Write parts 1 0
11h Update Website 3 11
subtotal: 16 28
Total Est. Hours= 161 194 =Total Actual Hrs
Note: Deliverables*
Draft Proposal
Analyses Mod
Document Mods
Final Proposal
Part Construction
Device Construct
Device Evaluation
495 Deliverables
	
	 77	
Appendix	G	–	Testing	Data	
Testing data for the leakage test are shown below. 
TEST	1	 	
Time	
(min)	
Circumference	
(in)	
0	 36	
15	 18	
30	 15	
	  
  
TEST	2	 	
Time	
(min)	
Circumference	
(in)	
0	 17	
15	 16	
30	 11.75	
	  
  
TEST	3	 	
Time	
(min)	
Circumference	
(in)	
0	 18	
15	 16.75	
30	 15.5	
 
 
All other tests only required one data point to be taken and are discussed in the Deliverables 
section of the report.  
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Appendix	H	–	Data	Evaluation	Sheets	
The calculation for percentage of Helium loss were completed using Excel and are shown in the 
table below, along with a graph showing circumference of the balloon vs time.  
 
TEST	1	 	  
Time	
(min)	
Circumference	
(in)	 %	loss	
0	 36	 0.00	
15	 18	 0.50	
30	 15	 0.58	
	   
   
TEST	2	 	  
Time	
(min)	
Circumference	
(in)	 	
0	 17	 0.00	
15	 16	 0.06	
30	 11.75	 0.31	
	   
   
TEST	3	 	  
Time	
(min)	
Circumference	
(in)	 	
0	 18	 0.00	
15	 16.75	 0.07	
30	 15.5	 0.14	
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Appendix	I	–	Testing	Report	
I.1	–	Leakage	Test	
The test took place in the computational physics lab in the Physics 2 building at Central 
Washington University and lasted a total of 2 hours in duration. Resources needed for this 
experiment included: 
• Pressure Regulator device 
• Large-mouthed latex balloon 
• Small helium tank filled with helium 
• Electrical tape 
• Measuring tape 
• Thread or string that does not stretch 
• Timer 
• Marker 
 
The test was completed using the following procedure: 
1. Open Arduino code file in Arduino software.  
2. Change pressure in Arduino code to a value of 1 pascal to keep valve permanently closed. 
3. Plug Arduino board into computer and upload the code to the microprocessor. 
4. Plug 2 9V batteries to the device (Make sure device is on and solenoid is contracted to 
close valve) 
5. Place components inside device and seal the device using electrical tape 
6. Fill up a wide-mouthed 36” latex with helium to a diameter of about 24 inches (Note: The 
desired circumference is about 18 inches, but helium will escape from the balloon during 
the next step).  
7. Attach balloon to the top of the valve using electrical tape (Note: Some helium leaks out 
of balloon during this step to achieve the desired diameter of about 18 inches). 
8. Using the marker, mark around the middle of the balloon where the diameter is the 
widest.  
9. Wrap thread or string around the balloon where the mark is, and cut the string once it has 
made one full revolution around the balloon. 
10. Measure the string with measuring tape and record value.  
11. Set a timer for fifteen minutes 
12. After fifteen minutes has passed, measure and record the circumference of the balloon 
again 
13. Repeat steps 6 through 10 three times. 
14. Perform calculations to determine the average percentage of leakage per hour 
 
This test posed minimal risk. Safety glasses were worn while filling the balloon with helium, in 
case the balloon popped while being filled.   
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I.2	–	Pressure	Chamber	Test	
This test also took place in the computational physics lab in the Physics 2 building at Central 
Washington University and lasted a total of 1 hour in duration. Resources needed for this 
experiment included: 
• Pressure Regulator device 
• Pressure chamber 
• Air pump 
• Pressure gage 
 
This test was completed using the following procedure: 
1. Open the Arduino program in the Arduino software 
2. Set the altitude to 20,000 Pa 
3. Plug Arduino board to computer and upload program 
4. Attach two 9V batteries to valve and make sure valve is turned on 
5. Place components into valve housing and seal with electrical tape.  
6. Attach pressure gage and air pump to pressure chamber 
7. Place pressure regulator device inside of pressure chamber 
8. Wipe the surfaces where the opening of the pressure chamber and the lid touch with a 
cloth and rubbing alcohol to ensure there is no dust and/or debris present that will prevent 
the chamber from sealing 
9. Place the lid onto the pressure chamber 
10. Turn on the air pump 
11. Record the pressure at which the valve opens 
12. Turn off the air pump and vent air 
13. Record the pressure at which the valve closes 
14. Repeat steps 8 through 11 three times. 
 
This test proposed minimal risk and did not require any PPE.  
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I.3	–	Beam	Deflection	Test	
Resources for this test included: 
• Yard stick 
• 12 pounds of weights 
• A bag to hold weights 
• Parachute cord 
 
This test was completed using the following procedure: 
1. Hold device up next to a yard stick and mark where the top of the device is in comparison 
to the center of the payload support beam. 
2. Place 12 pounds of weights in a bag 
3. Attach bag to payload support beam using parachute cord 
4. Hold device up next to yard stick again, with the top of the device in the same place as it 
was in step 1 
5. Record the distance of the center of the payload support beam to determine deflection. 
 
Again, this test proposed minimal risk and did not require PPE. 
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I.4	–	Weight	Requirement	Test	
The following resources were needed for this test: 
• Device with all components including 3 9V batteries 
• Electrical tape 
• Scale 
 
This test was completed using the following procedure. 
1. Place all components including 9V batteries inside valve housing and seal shut with 
electrical tape 
2. Place device on a scale 
3. Record weight of device 
 
This test posed no risk and did not require any PPE.  
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I.5	–	Size	Requirement	Test	
The resources needed for this test included: 
• Device 
• 1.5-inch neck diameter high-altitude balloon  
 
The test was completed using the following procedure: 
1. Place a 1.5-inch high-altitude balloon neck over the mouth of the valve.  
2. Record results (Did valve neck fit inside of balloon neck? Yes or no). 
 
This test presented no risk and did not require any PPE.  
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I.6	–	Temperature	Requirement	Test	
The resources needed for this test included: 
• Styrofoam ice chest 
• Dry ice 
• A device to record temperature 
 
The test was completed using the following procedure. 
1. Place device in Styrofoam ice chest with dry ice  
2. Place temperature recording device in the ice chest next to the device 
3. Place lid on the ice chest 
4. Check the device every fifteen minutes to determine if the temperature has reached -60 
degrees and if the device is still operating.  
5. Record temperature at which device stops operating.  
 
This test posed minimal risk. Since the dry ice remained in its packaging for the duration of the 
test, gloves were not needed to be worn while handling.  
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Kala Brown 1302 N. Cora St. Unit 2 Ellensburg, WA 98926 
(509) 426 - 0384 
brownkal@cwu.edu 
EXPERIENCE 
Chipotle, ​Yakima, WA — ​Crew Member 
November 2015 - PRESENT 
Responsible for food safety, food preparation, line production and 
assembly, maintaining a clean and safe work environment, performing 
opening and closing tasks, educating and elevating my team, and 
providing outstanding customer service. 
Kittitas Interactive Management, ​Yakima, WA — 
Community Support Specialist (Lead Staff) 
October 2012 - September 2015 
Responsible for the safety and well-being of mentally disabled adult 
clients, making sure that the clients take their medications on time, 
preparing well-balanced meals, maintaining  clean and safe living 
environments for the clients, ensuring clients make it to all of their 
appointments on time, assisting them in integrating into the 
community, keeping detailed and accurate reports/documentation of 
daily events,  and training new staff.  
Snokist, ​Yakima, WA ​ ​— ​Floor Supervisor 
July 2008 - September 2011 
Responsible for supervising a team of 15 - 20 people operating machinery, 
keeping accurate attendance records, coordinating break/lunch schedules, 
instructing and educating new employees on how to use machinery, 
troubleshooting machine maintenance, and motivating employees to achieve 
production goals. 
Volunteer Work, ​Yakima, WA / Ellensburg, WA  
I have participated in various volunteer work, including but not limited 
to volunteering at the local food bank in Ellensburg, and volunteering as 
a judge at the FIRST robotics competition.  
EDUCATION 
Central Washington University, ​Ellensburg, WA — 
Mechanical Engineering Technology 
Anticipated Graduation Date: June 2018 
Cumulative GPA of 3.65  
SKILLS 
● Certified in CPR, 
Blood Borne 
Pathogens, and Food 
Safety. 
● Excellent 
organizational and 
record keeping skills. 
● Ability to provide 
fast, friendly, and 
efficient customer 
service. 
● Proficient with all 
Microsoft 
applications, 
including but not 
limited to: Word, 
Excel, Access, and 
PowerPoint. 
● Proficient using POS 
systems 
● Ample experience 
with working under 
strict deadlines. 
● Strong work ethic. 
● Experienced in 
working in a team 
oriented setting 
AWARDS 
● Alpha Lambda Delta 
National Honors 
Society 
● Alpha Sigma Lambda 
National Honors 
Society 
● SOLVER scholarship 
